Linear alkylbenzenes (LABs) as sewerage indicators were investigated in the sediments of the 22 West and South Peninsular Malaysia. Surface sediment samples were analyzed using gas 23 chromatography-mass spectrometry. Results showed that LAB concentration in the samples 24 of Port Dickson and the Kim Kim River varied from 111.6 to 255.8 and from 88.2 to 119.0 25 ng•g −1 dry weight, respectively. The ratios of internal isomer, in which the benzene ring was 26 close to the center of the linear alkyl chain, to external isomer, in which the benzene ring was 27 near the end of the linear alkyl chain (I/E ratios), of LABs in Port Dickson coast sediments 28 ranged from 2.6 to 4.1. By contrast, the ratios for sediment from the Kim Kim River varied 29 from 1.7 to 1.9. I/E, long-chained LABs over short-chained LABs (L/S), and C 13 /C 12 ratios 30 indicated that the aquatic environment received primary and secondary sewage effluents. These 31 findings emphasized the necessity of continued water treatment system development in 32 Malaysia.
result in the contamination of water, sediments, and aquatic species in addition to being 48 detrimental to human health. 49 Linear alkylbenzenes (LABs) as organic pollutants are introduced to coastal and 50 riverine environments accompanied by partially or nontreated municipal sewage and industrial 51 effluent (Islam and Tanaka 2004; Oller et al. 2011) . LABs with C 10 -C 14 alkyl chains are 52 primary materials for producing LAB sulfonate (LAS). LASs are manufactured via the 53 sulfonation of LABs with H 2 SO 4 or SO 3 for use in synthetic detergents (Ricking et al. 2003) . 54 As a result of this incomplete sulfonation, LABs along with LAS detergents are released to the 55 environment. These constituents are ubiquitous in many aquatic environments considering the 56 widespread discharge of partially and nontreated municipal sewage to riverine and coastal 57 sediments (Takada & Ishiwatari 1987; Wei et al. 2014; Dauner et al. 2015) . 5 80 pollution and waterborne diseases in Asian countries (Isobe et al. 2002) . Therefore, aquatic 81 environment sediments and their potential sources must be investigated for possible sewage 82 pollution to enhance water quality and decrease the danger of infectious illnesses (Wang et al. 83 2010). 84 The majority of the contaminants that enter the aquatic environment from 85 anthropogenic sources eventually settle out of the water column via sedimentation (Abdullah 86 et al. 1999) . Therefore, sediments must be analyzed to evaluate the nature and extent of sewage 87 pollution in the aquatic environment. The present study aims to evaluate sewage pollution at 88 select coastal and riverine ecosystems along the west and south coasts of Peninsular Malaysia 89 using LABs as molecular markers. This study also aims to investigate the LAB distribution and Table 1 . The top four centimeters of sediment at select sample locations were sampled using an 102 Ekman dredge. Surface sediments were moved to pre-cleaned aluminum foil and Ziploc bags 103 and placed in a dried ice cooler box (Alkhadher et al. 2016 ). These sediments were then moved 104 to a laboratory and kept out at −20 °C pending analysis. The second hexane (4 mL) fraction was treated to obtain LAB fraction. The LAB 119 fraction was reduced to nearly 1 mL and kept in a 2 mL amber vial. Consequently, it was further 7 120 concentrated using N 2 . Then, the sample re-dissolved in 200 μL of isooctane includes 10 μg/g 121 of internal injection standard. Finally, LABs were analyzed via GC-MS. were investigated. A total of 26 LAB isomers were defined as n−C m LAB, where n indicates 153 the phenyl situation on the straight chain, and m denotes the alkyl carbon number. These 154 isomers were expressed as a total sum (ΣLABs) and as a sum of LABs with C 10 -C 14 (∑LABs 155 C 10 -C 14 ) in the collected sample (Table 2) .
122

GC-MS analysis of LABs
156
The composition of LAB isomers in the sediments of Port Dickson was measured 10 181
The total ∑LAB concentration in this river was significantly controlled by LC-LABs.
182
A compound-specific analysis of LABs showed that some compounds, such as 6-C 13 , 5-C 13 , 183 and 6-C 12 from LC-LABs, contributed to the high concentration in comparison with other 184 isomers, thereby indicating the long-range transport of ∑LABs. The highest concentration of 185 C 13 was reported in sample SKK1. Elevated C 13 concentrations indicated anaerobic 186 degradation.
187
The surface sediments collected from this river have also indicated an increasing trend The internal isomer to external isomer ratio (I/E ratio) results showed that most ∑LABs 236 in Port Dickson come from secondary sewage effluents, whereas the dominant source of 237 ∑LABs in the Kim Kim River was determined from primary sewage effluent. This result was 238 attributed to the presence of more sewage treatment plants in Port Dickson than in the Kim 239 Kim River (Table 2) . 
246
LC-LAB/SC-LAB (L/S) ratios and C 13 /C 12 were also calculated to confirm the extent 247 of LAB degradation in the studied areas. As described previously, Port Dickson sediment is a 248 receptor of well-traveled sewage discharge, and the ∑LAB signature partially supports this 249 idea. A total of 82 sewage pipelines that release wastewater, including sewage from hotels and 250 houses to the sea, lead to the deterioration of coastal water quality (Hamzah et al. 2011) .
251
The I/E ratios of the Kim Kim River stations ranged between 1.7 at SKK 2 and 1.9 at 252 SKK 1, with a mean value of 1.8; thus, primary treated sewage dominates inputs to the river 253 water; this result is consistent with findings from Gustafsson et al. (2001) .
254
The L/S ratios ranged from 2.4 to 2.6 with a mean value of 2.5, and they were higher 255 than the 1.8 determined for detergents (Ni et al. 2008) , thereby indicating the high 256 biodegradation of ∑LABs in this area. By contrast, the ratio of C 13 /C 12 ranged from 5.1 to 5.2, 257 with a mean value of 5.14, which was higher than the 1.7 determined for coastal sediments 258 (Liu et al. 2013) .
259
The biodegradation values of ∑LABs were estimated, and they ranged from 34% to 260 38%, with an average of 36%. The direct release of waste from boats to the Kim Kim River in 261 recent decades has been quite high because the river is used for recreational and fishing The ∑LAB inputs of developed countries were primarily from synthetic materials, 266 whereas developing countries contributed less raw and primary sewage and more secondary 267 inputs to the environment than the developed countries. Among the studies in surface sediment 268 samples, the results revealed a primary effluent signature in the environment. ∑LABs that 269 originated from different sources, such as municipal or industrial wastewater release, had a 270 significant affinity for particulate matter, such as sewage particles and dissolved organic 271 matter, thus possibly serving to enhance the transport of ∑LABs from their initial points of 272 discharge via lateral movement (Harwood 2014; Zhang et al. 2012 ).
273
Conclusions
274
The findings from the Port Dickson coast and the Kim Kim River sediment study showed that 275 the LAB concentration ranged extensively. The results showed that Port Dickson coast is more 276 contaminated by sewage effluents than the Kim Kim River. The LAB distribution in the study 277 areas can be identified with sewage treatment degree in given output locations. The high level 278 of LAB concentration observed in the study areas could be the result of inadequate sewage 279 treatment plants that may not be afforded by the huge population in surrounding locations.
280
Moreover, partially or nontreated sewage is being released to those areas given the 281 overcapacity of treatment plants. Thus, the findings indicated that the sewage problem may 282 continue as a result of increasing population. In the coming years, the magnitude of sewage 283 released to coasts and rivers of Peninsular Malaysia in the future will be anticipated to increase 284 broadly. The study findings also point the necessary actions that must be taken for wastewater 
